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ABSTRACT

In this paper we present a theory of Singlet Quantum Hall Effect (SQHE). We show

thnt the Halperin-Haldane SQHE wave function ccan be written in the form of a product

of a wave fun:t ion for charged semions in a nmgnet ic field tmd a wave function for thr

Chiral Spin Liquid of neutral spin-} semions. We ;ntroduce field-theoretic model in whirh

t hi’ electron opmators me frwtorized in tmms of cimrgrd spinlww semions ( hcdons) ;UNI

Il(”lltjrid spin-; scmions (spincms). Drokrll t i;nr rrvrrsnl symn-wt ry WMIsl~(u-t rnngcd sl)in

C(mr(’liltions lrnd to 5U( ?)~:. .Xcml-Sinmns trrm ill Litnclmll-Gillzl)llrg netion for SQHE

])IIuw. WtI construct npprcjpr ~tc cohmcnt sti\t(*S for S(, JHEplAM~ iill(l SIIOW t k rxistrncfl

(jf S[:( 2 ) vrduwl grulge potm.tial. This pot.rnti;d nppcars as m rrsldt of “s])in rigi(lity’” ld’

t Iw ground stntc agninst any displmm,mts t)f lKNICSof wnvc fllllrtioll frt)rl] ])k)sitiolls of t 11~1

]mrticlrs [UM1rcfkts th~ ncmtrivird mollo(lroll~y ill t llc prcs~n[.c of tllrsr (Ii:”l)lnt”rlllll:l]lt S,

\\”(* ilrgllf’ t Ilnt topolr)gicrtl strllctlm’ of S[’( 2 )~= 1 (’lwrn-Silll(uls tlmmy llllllllll)iglltJllsly

~li{”tllr(’s .~r?rllt)tl st,nt,i~ti(”s of HIJitl(MIH,

I’:\(’s S(),73,2().13X: 11.15,-(1; 7%1() .JIII; 7,1.(;;, tII
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I. 1NTRO13UCT’ION.

i) General remnrks

It h= been nssumed from the beghmi.ig of the theory of Fractional Qmntum Hall Effect

(FQHE), that the magnetic field, which has to be strong enough to produce the relevant

Landau qucmt ization, leads to large Zceman splitting, Large body of physical t!]eorics

of FQH E assumed spins of electrons to bc polnrizcd completely (which is equivalent to

considcrat ion of spinkss electrons in the lowest Lnndau level).

It has been pointed out first by Halperin] that ti~is is not nlwnys the rose, Zeemnu

splitting ISgiven @ E~peman = g” pn . H. nnd Lnrmour energy is ELartnOIJr= eH/hc. TIM*

rnt io of thesc two energies depends cm the factor EZf ,.man/E~armOur = g I~, where m* is

the dkctive mass of electron, nnd g - is the g-fnctor, The rntio of m* /ma in the Si/Si(12

strllctlmw is qllitc! smnll m* /?no a 0,01, lmd g Cnn hc ml low ik: 1/4.



a nat l~ral generalization of the C’html Simcms t l)~wry [or spin pf~larizcxl case. 7,Vewill shmv

Ilow 1hc SU(2) valued gauge potent inl natilridly appears in the COIII(st of s~~in ~oherclit

states for SQHE 3.

But kmfore cmisidering spin unpolarized ciI.+cwe will summarize briefly the most in]-

portant features of the La.ndau-Ginzburg theory for spin poli]:i~cd cn.w.

ii) Spin polarized FQHE and Landau Ginzburg theory

!300n after experimental discovery of the Fractional QHE ( FQHE)2 Laughlin propos(~(i

wu-iational wave function which describes the incompressible clcctrcm liquid in 2D in cx-

tmwnl magnetic field at frac!ionfd filling factors, which naturally lcmls to the “fracti(mal

statistics” of the quasipnrticles, 4. The holor.orphic stx uctllre of the

rssentinlly cm the fact that the coordinate space of electron liquid is

J-J(W/,(7”i) = ~i – Sj)’” t“Xp

i<j (-: “i”)

TIu’ rondlwtivity trnsor of this st.ntr is

Lrmghlin state t-rlics

2D.

(1.1)



Chern-Simons term in the LG functional of F(JHE is to reinforce the constraint, that, ,.’f:n-

si.ty oj partick i.q proportional to the local jiuz Ml: f: of some gnwy ]icld, whizh wc I\’i!]

call the statistical gauge field , AP:

9*W- (w*P) = : ‘J~ijF (1.3)

\\;ith p-scalar classical field associated with the order ]mrameter in FQHE,7 The rcamn

for introducing extra statistical gauge field is to take into account density fluctuations i~n(

~nssociated fluctuations of the phase of the wave funrkion. At the snme time the cxtcrna

IIl~gIld.iC field k essenti[Lll~ COXMtEUlt.

The LG functional has the forn~:5$’7

(1,4)



b) ‘rhis gnuge field obrys the constr:lint thnt the dm.~itji i.o proportional to the flILz ,,-””

thi~ ga~~~e ji cid, like Eq. (1.3), TVCwill nrguc hclow t Imt. t hcse t ~to Statmncnts m-r nlst )

true for the case of LG theory of SQHE. The only mscnt inJ difference r( Nmw from the fnct

t hnt the gauge group, mmrespcmding to st ntistical gnuge fic]d, will bc SU( 2). Instead of

(hvwit.y operator playing 1,k of the gencmtor of the flux, the spin will be the generator

of the spin gauge field flux. In contrast to the U(1) group SIJ(2) Chcrn-Simons theory is

true topological theory. As FLresult of qmmtization of the coefficient in the Chern -Simcms

tmm, we will find that th~ only fractiomd statistics ~lf excitations for SU(2) at level k= 1

(km Simons theory will be .~emion statistics.

[;



i) Halperin-Haldane Wave Function of SQHE and Slave Semion Decon~po-

sition.

In this paragraph

Effect states, given by

we consider the physical properties of the singlet Quantum Hall

19che Halperin-Haldane wave function , :

where the set of coordinates :1+, I = 1.. , ., JV ctm-esponds to the spin T electrons, and

:~1=1 . . . . . -V corresponds to the spin J electrons and m is an even integer, In this cnse1’

W,li([::], [:1~]) satisfies the Fock cyclicity condition. In this state, the eigcnvalue of tlw

total spin operator is S = O and the :-compoilrnt of the spin also has eigenvahm S: = (),

This kind of wnvc fumtims naturally nppmm in the consideration of thr spin unpolnrizrvl

!4fiLt(W ill the Quantum Hnll Eff~rt (C)HE) ])]lil~.

[u mmtrnst to thr spin pnlmizd stntcs. in this cue wo INA to d(wrribe tlw rlIIug(I

s(’rtor of thr SQHE phnw ins WC]]M thr si)in swtor. 13y in~pccting tiw Amcturo of this



The wave flmction is f: I.tnrize(i in the following manner “:

%([:f].[ :;])= W([z)]t [:;]! W:)([+I [:;1). (rf.2)

with

shows that this state is described by a

points # and z; have qunl charge:

one component plasma, in which the particles at

i<j i<j i lj

IV(I rrgnrd W#)( [s,+], [;l~ ]) as t hc wnve function for the charge degrees of fremknn.

If wc apply the same phwma mmlogy to the wave function V(2)( [s:]. [:;]) wc get 11:



From rhe same considerate ions it follows that W!: J( [~~ 1. [~~ 1) vr~s~nt~ ~ t~~~-~(~nlwn~llt

semicm gas. The sign of the spin l~rojcction S= determines the effec i 1!“(:I]hase change in

any interchange of two particles q1q2~/J. ~vherc ql, q2 are +1 for spm T, J. This rmxlel

fvith two component sen~ions was considered ix) 12111. In particular, Girvin et id. 11 havr

pointed out that the state described by the wm.r function V(21( [z>], [z;]) is a 10C:I! spill

singlet due to the plasma screening of any charge.

The decomposition of eq (11.2) can be represented in terms of the slave srminn opm-;~-

tors:

~a(r) = +(r){c(r). (11.i)

where Ve( r ) is the electron operator, ~(r) is a charge e spinless semion operator, & is a spin

1/2 charge-neutral semion operator, a is a spin index, and we assume that [W(V),((r)] = O.

In principle this decomposition is neither better nor worse than any other slave hosml

or slave fermion factorization, like the ones that are commonly used in theories of st mngly

rorrrlated systems. The rhoice of any p,wtic~dar decomposition of the initial clectr(nl

(q~eratm is p[lrely a mattm of convenience. Our choice is motivated by t lw simplicity (II

tllc physical picture that we get in the end.

In \lott-HlltJ]ard insulators, the st rollg correlations force the constraint of single l)ii~t i-

Cl(’oc(”llpimry. In the cruw of the SQHE, the origin of the strong correlations is the (lrnsti~

r(’(lllctiorl of pha~(= space [Ille to the l)rrscllc(~ of lL strong Illngllc~ir fit.1[1: IIIcI killt’tit” (’11

f’1’g~ is (111(’llrllwl Wld tile illt~rartiolls (I():llillikt (’, 111chwc nlmlogy with tlw \l(Jtt-HlllJ;;lrt’



decomposition eq (11.7) requires chr,t the entire spectrvm of sta’es must I)c singlt-ts l~]i:h

this gauge symmetry. Given the close a.mlogy ‘Ait h the Mot t- Hubbmxl problem, wc will

refer to this symmetry as the RVII gauge symmetry. The presencl I of this RVB gauge sym-

mct ry gives i’ise to an RVB gauge field which puts the c!mrge and spin semions togetker to

form the allowed physical states. Thus, alt !lough the wave fuuct ions of all the st atcs can

be factorized as a product of a charge and .~pin wave functions, there is no separtaion of

spin

it is

and charge in this system. In consequence, the syst(’ n has a gap to

incompressible. The factorized form of the SQHE wave function,

all excitations and

Eq (112), nppears

to suggest that there may be a gapless ne:~tral spin tlxcitation which wmdd lead to com-

pressibility. Because the RVB gauge charge is ccmfincd, these excitations are not a part of

the physical spectmm. It, is important to stress that the incompressibility results entirely

from the charge sector.

Perhaps the simplest way LOsee this is to consider the wave function of qlmsiparticlr

(qp) in the first quantized representation, as it has been dor

qp of spin 1/2 with s: = –1/2 at point :.:

9 for cxampie, for tll(~ein .

S+7) (11.s)

Tlw form of this wave function indicates that the creation of the qp is rqllividcnt to tll(’

C1l’iltion of the extra zero at point q-j for tlht’ wave function of the phrticlcs with the sljill

,s: = + 1/2 prl)jcction. By using the pl~sl]li~ ituith)%y it is c~asy to CO:NI1l(ICt,lmt this zt~ro is

f, fllli\7ill(111t. to the qp of s~~in s: = —1/2 with cllnrgc ( = z+.

X(nv Wr will explicitly shoW tll;lt tllr WilV(’ fllllrtioll of tllv

r(qm’scntml :1S a romlmsit.r (’X~itiltiO1l of 11(’llt~ill sl]illoll with ,~ = l/~ :111(Iof tll(h ~l)illli,ss



The first product ~~~) = ~i(z~ – s,,)112(=; – - m-0)1/2V!!)( [:: ], [;;]) is Imtlling more thttl.

the hobl~ I?~L it~tk)n in tk one ~omponellt Pkha., c(>rr~spondill~ to t h(? ~ !!([+7, [:,7).

From this follows that the efiect ive charge of the holon is e = -,7 = &. T}w

‘llz~~z)([z~], [;17]) is the spinon excitation,(2) fli(:>-zo)ll~(z;-:o)srnlnd product W:O~ =

corresponding to the extr;i spin Sz = —i/2 excitation, created at point JO.

There is an apparent problem with the ident ificat ion of the sign of the spin projection

‘2) By the rlasma analogy the fictitious spin 1/2 at point z~ has thefor the excitation W ~. .
:0

same projection as the spinons at points ~i, i.e. Sz = +1/2. But then, due to th~ plasma

screening in the two component pl:wma, the real spinons will screen out this fictitious spin,

thus crc:i.ting the s: = – 1/2 cloud of real spinons, centered at point :0. This is precisely

the reason why the spin projection of the excitation W‘2\ is down.
:0

Once th:.s confusing point has been clarified, we come to the statement that the spin

1/2 charge e = &r qp can be represented as a I]ro[luct of the spinon and holon ,lp

created at the same point q-j:

(1) (2)
*,”! = *.” w:o~ (11.10)

The ml( 11.10) is a decomposition in Eq. (11,7) written ill tile first quantizr(l rrl)r(-s(~lltntioll,

**! P,.,. .,, . . . ..> . . . . . --- ---, 1.! .1.

t 11!’

(“illl

illl(l

(S]li]rg(’ itr(’ (.0Xd5X~(’dto form iill RV13 ll(IIIt ~ill [)l)j(v.t, OIIIV:IIIOW(YIiis tlI(l l)l~~si~iil st. i]t(~ .
:1

.

ive nnu that tne slave semlon ~rc~ill~)osltl~xl ( 11,7) tor fhe S(JHK 1s ~’iI1lax1OC(Nlly 111

ground st~.te hilt for the qp cxcitiltions iM wrll. Ch?ikrly the arglmwllt given ;llmvtI

Iw gmlcralized trivially for tlw C-;WV(Jf II (11). Tli(’ fact tlmt w(’ nrml to pllt, [)llr sl)im)ll

1101011”(Ml tllf: same l)lncP explicitly ill(lic;~t m that tllcsr (wcit iit ions wit,l~ ol)lx)sit[” R\-ll

mills UX’ \lN)Wf’(1 tllilt tll(’ $llilV(’ s(”lllioll (1(’(”olli])ositioll (y]. (11.7) is (lllit(~ I];ltllrill \f’il~ III

(list ill,qllisl~ tll~ l)llysics ill t 111*cII;iI.g(~illl(l Si)il] w’(’t(j~ of SQHE, This fu~ ri:ul,if)l~ ( I)llt I! III

,4f,}J(i,7’(1t~071,) [’:111 1)(’ ol)S(t~Yft(l for illl~ !+tiltl’ ill 111($ I{ill)(.rt S]):1(”(’ of St)lll!:m

ii) {:ollcrelli. stilt~s for SQIIE

II



In this srction we will intro:llwr c~,~li’~1’nt>rntcs fm itQHE. fhwiI.”,!!F t.(ji-’Ulwt •r:lrlm~

were infrodureci by Read’ fcr F(~HE in tile spin pl)~illl~[’fl r:tst’. Tiw gm]iml!i Itilm t.; ‘lLi-

mmst ti,iction towards spin unpolarized rase is straight flmwwcl. lU this consr rlwt i(m wc will

U* analo~v with the t-oherent st atm for superconductors.

Suppose we have a system, in which some composite operator. im-eking fc~~gpa! ‘.hm!~’

operators acquire thc nonzero expect at ion value. .An example of such an opmntclr is a

sup. :conducting order parameter

(11.li)

\vhcm ~l~k is the single pmticle operator with spin a and momentum ~, a~ld!.~ > - is rll~’

wavefllnct ion of sl!perconductor with S part irles.

1// l:!

YI

l.!



where @ is the phase. J,Y is snnw weight which is peakw 1 ;Irt)lmtl umcrfx.ropi~=:ll “.-;lill~’

-Y = y with v:,rirmce A.Y -- ~liy. In tlih ba..is one eiwily fi:xl that tLr ordrr pilriUllt’”fT

hrcomes a chassical field:

A= (el~itn~’tM14 = l&kiq

wit h the well defined amplitude l&I and phase q.

(11.13)

From this transparent example we conclude that if the order pmametcr as an operator

involves fcw particle operators thc appropriate basis for considmat ion of this phase nrt~

the coherent states which are coherent superposition of statm with difkent muuher of

part iclcs,

Applir.rit ion of coherent states for mmst rud ion of the LG thmry of pnlarimd FQHE

has been clone by X. Read,i see also. 13 Hcm we will follow thmc irlcns to construct tIN*

coherent stat m for spin unpolarizcil QHE.

Ddinc stntcs I:V+. -Y- > as:

1//,11;,:



L“*(:) = H( --- ::)
i

(11.17)

.And state Id+, O_ > is sin~ply the contlm,srttc of tlw mmlpositc opmntors:

(11.lS)

Eqs, (II. 16)-( 11.18) are just thr nmthematicnl expression of t hr physimdly trnnspnrrnt

fi~rt thnt in the Halpcrin-HnMnnr Stitt~ t 11P (~kct txms of spil, lap nlld (IOWII ilr(~ (WllHIItI(I

with thr zmxi of the wnve flmctkm. For rxnmplr mu+ Awtron of spill Iii) is rdiiml wit 11

t!l~’( 111+1) st pmhm of zdm in tlw wnw’ flmctim for nll (Ithrr ~pin lq) clrrt txms nml III-St

l)~ml’r for rlw.trons of qlin tiownm



IIUX Comlfmsatiml illlplim t Ilnt srmion StiLtiSt ics Of ~X(”lt ilt ims

stntc, and indeed a,, it is kllm~rll t hat sl:inmls ilr(’ fril<t iollill

Stnto. ‘“

iii)

( )1 lt.iflllsly t ]Ifl I)IIIsI:III)I,
( ‘..:/

11.11’ ,11111 t’!ll ‘.1)111 11}” 11;111111”. l’! ,~ , ( ] ;IIIII llIf I tvtl!{’lllllt’til~ll 11111

Iilllllllp, :111 illf411111:\ll,)tl 111111111 ,.11111 ,ljll!illlll:llll,ll. III” IoIII”tlII1l. i’. \l~I ,1~ ,Itdilll,ll .I“\/l lrlt

I :1



f“.$~( :) ,,11(1 ‘-~])il]q”wimt. follows we will drop thc “cSL” from ‘ hc spin rompositr opmuu>r A*

from the spin pnrt of the Wnv{’fumtion I@+&J_>~l,i,l.

A,,(:,: ‘) = ~ q(:) C’/!/”’’’’’’(:’) (X1.23)
Ill



TIM>(Iifftwnce l]et,wccn polarizrd FQIIE ml~l SQHE i.. tlliit ill 5t/TIE 1~11~1-1’ IIIIW >ljill

dist. ortitms citl: pn~duce g;lll,ge l)t)t(’llti;~l. (’V(’11if tll{ ~“llcirgrflllt , llilti(MIS (1~~ 11~~’ 1(*:1(1 II; :111}’

U( 1) ~nuge potential as in Eq. ( 1.3). This concept (If I)imling z(’l(M of spill t~iiv(~f~ulct ion

with the ])ilrtiCl~S was (“idl(?d“spin rigidity” in the cnse of C’SL to stnws t.lw t(~p{)ltlgi~id

rffect caused by disphwements between zerns of wave function nml positions (I! Imrticlm. 15

Ii(jrc wr shall sw that the same “spin rigidity” of thr SQHE grotmtl stilt(~ in tlw spill

sm-tor lends to SW(2) valued gauge potential .~z = i. .-l~ . a~kd, a~,,, nrr l%~ili Ilmtriws. This

~i,ll~c potential measwes the nontrivinlit!. of monodromy of spin W’ilv(’flulrtioll, DPfi IW

.4* = .~= * i.~y Mid:

1 il~:’
i.-l~” = A — (A~(,’,:) A,, (:’:))

.1 (11.24)
.—:

WIUW ,\ is thr codiknt to I)(I(Mind lntcr. Tnkillg into mxmmt Eq. ( 11.23), WM1n]qmnt-

illliltillg (A~A,, ) = ( –1 )(V:( :’)(’,,( :’ )) Wf’fill(l:

/ L):.’i- = .\T(f,’l:( :) L’’,,(;))

or i~l t(.rlIls of sl)ill r(Jlll]MII:vllts:

(11.25)

(1/,2(;]i i): .4[ ---- .\n (,$’( : j)

“,1’ (:’)
\-1 IF’
‘)

.; (,,,’( .) i?’ 1,’( ))
.. ,

Ii



11.27)

with .sclllion stat. istirs of Sl)ill

1/2 cxcltat ions (neglecting the phase romillg from charge smtor) nnd givm A= 1. Fron].

E(1. i Y1.24) it follows that in SQHE ph.asc the displriccment betwmm zeros of waw! fum-t iml

i~xl(l positions of p~articles leads to a nonlocal dfect, rmumled by effect ivr gn~lge potrntkd.

.~ssllming t~liiL Sr~kir inb.?raCtbIls ill tilt system MC short IYUl&@, WC r~n Wrih? (I(]fvll tilt’

locnl cfktivr LG action whose varii~tion leads co constraint Eq. (11.24 – 11.26):

the order pnrnnwtrr AI,(s) (It’filw(l

IIlll!?!itil(k of tlw fm!rr I)nrlullt’t.{’l’.

(11.’2!))



In this prcccdure the singlr Imrt.irlr st,;~r~s ilr~’dcscril)cd in ri’rms of tllf! s])in pmjcctioll

011tilt’ z-axis, am.! for simplicity, this ilxiS is ;Isslllllccl to IN; iIl tllc saIIl(* I ~::(’(’t,i(]Il m’mywlwrc,

Thus, \Yc deal only with the U(1) dii~gOIlil! slibgrollp of the full SC(?) spin group. Also, the

I~l;L$lllannfd~gJ’ for ~(z)( [c~j, [Zl~]) hinds to thr correspondence’ wit~l chc two co]ul)(mrllt

pli~slll~ ~vith effective charge q = +qo for spiuT mld q = —ql) for spi Il J Imrticlcs. Tl]is

canido~~ suggests that we should attach (iiffercnt fluxes t(J pmtickms with (~lq)osit~ spill ;IIIII

den] tvith thcm in m~wh the same way .as we (Iicl with the charge sector in srction II.

( ‘{)ilsi(lt’l flif’ w-t IJ 4’()()r(lillltt(’s [’,’ 1,[ :, ] IIf ;I sl~t III’ stIlllIs sl}itl~~ls lvitll llIt’ :+llill Ill)

I’IIIII III II II, IIf S, Illlmlltl’ll lit l)~lillts[:,’ ], :11111 sllili IIIm’11 III l~(lillt:. 1, ], ‘1’1111 Illjillt!i 1,1 ~,~ ,

l!)



will bc mgardecl tas the positions of sources of an SU( 2 ) field AJJ,taken in t lK’fU1ldlllllt’llliil

rfqmsentation. It corresponds to the spin 1/2 of tIN’I]rctro;ls , constit~liug the QHE st at(:.

The Lagrangian Z97ill of the spin sector is given by Eq.( 11.2S) \vi th the full non-ahclirm

C’hcrn-Simons [mm.

Tlw points at which the excitations iil(~ located are

. .4s it can be seen from the variatiml of t lw Lagrangiim (11.2S) over .-l; :

(11.30)

Tlw strength of the gauge field is given by ~~u = ~=.-l~ - L$.4~ + [.4r, .4Y]a. Let us ass~mw

tllilt tllle pnrtirlm have FImass ?ll, Tlw path-integral rcprcscntat.ion of n mntrix rlrmrnt of

tlw mwlution operator is given as n sllm (Jvor fdl possible pnrtic]e trajectorim fmd gatlge

fit?hl histmics. The coilstraint of Eq ( 11,30) rcquirrs that cm% term in this nmplitllflr

sI1(NII(Icent min IL ffwtor rt’proscnti; lg a I)ilt h-[mlcrcd rxpolltqlt. inl of t.llc SL7(2) gmlge firlfl

i~lollg (’il(.11 pdick t,rnjectory. Tlwsr ]):,t11-or d(!rod (’)tpoi)t’’ntiids d.r(! tls[ldly rcfrrrrd t () ;is

\Vilsoll Iinrs, lH first qlmntiznti(m. tlw tillw (Sv(dlltioll (Illring tllc tilllc illt(’rf”nl t of tll(’

lmvy sollrrcs will INSgivrll I)y tlw nnll)litluh’:

O([:; +],[:\-], t)= ~ r -i J (11(~, Fn/21fl:,+/(1112+~,In/21d:,-/(ll12)

1’(11/1s

1

(11,31)

~[.~] {-ll,j l“l.i(~~+, S)) Ivj(:; -,zj- )# ,[ “x~’!f~’””$v([:~], [:;-],())

/+ /–Wll(”rr : , : nrr thr sot of finnl pfwitiolls of t,lw S(NUXY*S,nli(l

(11,:12)



The C’S action for the gallge ficlcl lcrItfl.sto tlli’ (tfw’ti~’r s(ll,ii[jl: statistics (If lVilsou lillt’.-

Let us fix t~vo Wilson linm, corrcsp(m(ling. fm- c::amplc to piwt i~l(’~ i~t : I i~l)’I ql. .41:1I l(~r

us consider two processes which represexl~ evolutions with the same fill:ll state and oIIlj.

cliffm by the presence of an extra knot iu their historirs given by 11’(s:+, z~ ), 11’(I ~-, :~ ) .

T!)~m the final amplitudes 1’([z;+ ], [s~.”-])will gain different phases ii, these processes. On,I

can find 17, that the amplitudes {are rcli~t(l[l by

(11.33)

where y is the conforrnal weight of the primary field for the S[~( 2 ) Ievrl ~“grr~llp, illl(l is

given by

.l?rj(j + 1)
7=

~+~ (11.34)

In mm case, k = 1. j = ~, the phsc (li!fcrrnce Ix%wwm two configtlr;itions is 7r whirll

mrrcsponds to n phasr of r/2 pm piwticlr If wr ;wslmw thnt tile rvollltion lwtwrrn t\vo

configurations is ndiabatic. t Ilc kill{’t ir r:wrgy {I(X’SImt ]nodi(y tll~ T’idll(! of y 1)(’(”illlS(’ iI

is qlla(lrntic in time (Irrivntivf-. TIM’ olll~ rolltri!lllt~’nl to tll(’ ])llitst~cOIII(*Sf~olll tl)(’ (’S

ill”tjoll (lIlri it, 1(’ild~ to t]l(’ Smllioll st.iltisti(”s of ttlr vX(”it.:lti{)llS , ‘ ‘rXllll)lff ’tl ill tll(’ sl)ill \Vil\’(’

flulcrion ~(z)([:~]. [2,-]) “l.

111, c’()?i’c’l,[”sI()s

[II this I)il])f’r tll(” tll(’1)~~ of SOIIE 1)11,1S!’ ,Vil!i ])l’(%l’lltf ’(lh \J,”(~ fy)l]si(lf,!(,(l 1]1(’ (’]ltIl’gi’ shill

f:ll.tl)lizlktit)ll ill 111(’IIill])l’1.ill1[111(1:111(’St:!l(’ ;111(1 ilr’~11(’ 111111 Ill!’ Il;ll])l’rill Ilill(lilll(’ ‘+lilfl’

V:lrinlit)lml wnvf’ fll;lrtit~ll 1-1111IM’wrillt’11 iII 1111’f~jl”lllof l)r(~(llltmtI)f IN’1)Jvllv(” l’11111’li(Ill

‘)llfS.‘I):j,)([Z; ], [:1 ]) ‘-{),l(ls,,(,,l,lS lo ,“ll;ll~,(! “ ‘ “.~llllllf’ss sl’llll(lll S ill l’NII’I’1 1:11 111:1~11~’li~.11~’1(1:1 III!

1111” IItlll’1” .Ilill \v:IvI’ fllllt’li~ul ‘ll(2)(1 .,’j. \,]) i,. llIIt \IC:Ivti flll:t’titlll III’.l)i:l 1/1! lllll’I. I

:! I



semions. Because all states in tile Hilberl space of the ]Jt’(jbk?m CiiII ‘ I’ ~(q]r~’+lllt(h(l il~ ii

direct product of charge and sl; in contributio;i wc ;wgllc tllnt LG theory of SQHE l,II;M’

can be written as the theory for composite order pzlrilmeter A+(z) from Eq. ( 11.20). In

our derivation of

for charge sector

FQHE.

IVe construct

the LG theory we concentrate on the spin sector. The parts of LG nc”tion

can be derived, following the derivation of LG theory for sl~in p(darizcd

the coherent states for SQHE phase which are anrk)gous

st i~t rs for polarized FQHE phase, and describe the state with undefined

rmd undefined number of particles.

to the coherent

spin plojcction

Because of the “spin rigidity” of SQHE state, the modes of spin wave fllllction ~(z)( [st ], [.;] )

m-e confined to the positions of the particles. Moreover \ve find that any displacements

of these modes from positions of the particles, described by nonlocal composite operator

Aji( ~’! :) = Ilj(z”) HP, [T;/2P”P’ (:) leads to nontrivial moncd.romy of the wave flmct iol]

nrmmd closed contour, enclosing such a displacement, The natural measurement of tlls

tmmodrmny of spin wave function is the SU(2 ) valued gauge potential .~i with t.lw iiIIs
.

l“~u proportional to the nrmcompcnsatrd spin density (1?). Alt hmlgh wc were not nl)lr

to rcprrxlucr full SU( 2) invariant topological term, wr arg~le that lNJcnu.se of locRl SU( 2 )

in~ilri[~ncc in SQHE phase, the spin pnrt of LG nctim contnins SL,T(2)k=I Chin-n Silllolls

fvr]n. IVr nlso find that the topological st rllct~wc of t.hc Chcrn-Simolls t hrory Ivmls ‘lllillll-

I)iglmllsly to scrnion statistics of cXriti~ti[~lls ill t.lw sl)in srctor of SQHE, Howcvrr, tilcw’

(Ixc.itnfiorls ore tmt ldiysicnlly I’(’1(’Villlt, IMV’;IIIW ill tl]~ I)\llk of SQH13 I) II;W(B sl)ill[)lls iil(,

cf)llfilwd with llololl~ in orfltlr to llnvr tl’iViill ll~(mf)tlr[)lny for [{~l])t?rill-lfl~l{lilll(’ \\’ilV(lf:lll(”

“ 1~, f},llt, SU(2)A, Itit)ll, t~rilt(’1~ ill tori Iis f)f rlrrtrm ctmr(lillnfvs, It !lJLS I)(VI1 nrglmi Ill

Kne\!()()(ly n]grl~tn. w]lir~l (Irw-rilw tllr wlgr of SQHE mltll)lr I(vuls to tll~”11~’lltrlils]~illt~ll

I’X{”itilt io[lS U!! 1)111’t,of t.]lf’Hill) (’1’t,S1)ll(’() {)[ t 11(’ I’(IK(’,

“1’llis (’(lll~i(l(’I’ilt i,);l () f S- 1/? S(.)1{11 sf :11,~is IIIS[) Ils(lflll ill 1(’v,’i,lil,~ t II(* ,’(111111 II it,li

,,,,
.-



between conformed field th(w~ find different phases of FQHF. 1‘1° For example usill~~ t !N’sr

results we can show that i ) there is a S= 1 Singlet QHE villiational wave function. !i )

this wave function is given by conformal block of SU(2)k=2 Chern-Simons theory. iii) it

sul)ports nonabe]ian excitations with fractional charge and spin 1/2.19
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